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Title of the Invention.: 

Method for producing graiiroileated electrical steel sheet having 
lovr iron-loss property 

Qlsims- 

1. This invention is a. method of producing grain -oriented 
electrical steel sheet having low-iron-loss property, including the steps of, 

a step of reheating a slab having a composition of, in wt.% ; C* 0.05 to 
0.08%,. Si; 2.90 to 3.30%, Ms: 0.15 to 0.00%, g: 0.006% or less, soluble Al: 
0.020 to 0.020%, N: 0.007 to 0.011%, P: 0.015%*, Cu: 0,30 to 0.60%, Mi: Q>03 
to 0.07%, Cr: 0.03 to 0.07% and remainder being Fe and inevitably included 
impurities, at- the temperature of 1250 to 132G°C, conducting ordinal hot 
roiling, and pickling; 

a step of conducting a first cold rolling to the hot-rolled and pickled 
steel sheet, conducting intermediate annealing at 850 to 870 *C for 30 second 
to 5 minutes in a wet atmosphere of hydrogen gas or nitrogen-containing 
hydrogen gas, and thereafter conducting a second cold rolling at the 
reduction of 50 to 75% thereby rolling into the thickness of 0.20 to 0.27mm; 

a step of conducting a second annealing to the cold-rolled steel sheet 
in the temperature range of 500 to 650 s C for 30 second to 5 minutes in a dry 
atmosphere of nitrogen-containing hydrogen gas, and applying an annealing 
• separator; and 

a step of. in a wet atmosphere of nitrogen-containing hydrogen gas 
having a dew point of 10 to 20°C and satisfying Ng (volume %) i Hs 
(volume %)- 0.25 to 0.75, conducting a first soaking to the steel sheet applied 
with the annealing separator m the temperature range of 600 to 700 °C fox 5 



to 20 hours, heating the sheet up to 1000 -C at the heating rate of 25*C/hr**; 
thereafter further heating the sheet up to 1200 6 C at the heating rate of 
2S»C/h?*" in a dry atmosphere of •astrogen-eontaimng hydrogen gas ; and 
keeping the steel in a. dry atmosphere of purs hydrogen gas for 10 to 20 hour, 
thereby conducting final high -temperature annealing. 

Note by the JFE Techno -Research 
* likely "0.015% or less" 
** likely "approximately 25 e C/hr" 



(12) «jgS{B1) 

ca& gggg . ...... .... 

« f __ _iQ4-r:«j4gi _s t : - i - 



S2ii. ~, --s- iss - ? - ' m$g§ *wa m 2M m 

x. SSf 1- ^ P - ~ " -n m §S§ ?!tr W; : * ~^ xU 

Stf SOCK 

aSSSS?£S 3-o1 

£.3 g£j - SOhS 3«» ! ?«««2| 

xh^s^ sows* sguisiAj m$LsL mzsz nm >as ram stojxfe 

IPtfoSfiSWS^^ ^ ra[ **** m - 

i ?e issd-s i - .: - y - A - 
m, m uwmmm m ass si «os s s^s s& oiua 2# sfg§£i &§«f ai g 

: - r ! - .1" ^73 SO. W2H* 8^1 ~ " 

b ^ii 8fH m urns- mma. 

□au ^M7f sfufAig, at hz&sm. m- Bmm s§§ sssss, ^ 



?#j -j - - _-rc_ " ^ z-. r , 

1 *\ :j - j f ~~zz <- =; -v. = s^fGi 

j - "Sr^ 3 iv - -- 

( z un.z^y si _ - '=-jz - 4— i_ ZZz 

- sz;zz ^zzzci: rr rzs z-z^z ^:*§~ ?z-z az-z : ^k--Z;-- 

3?0 0!I » 4 \. ~ _ 5-1-1 

Ai§ - J 3 _ S/S 3£Z - i i-r- Z ^ 

S2t - - JZ zz~ zz 

2rI£Z D1Z zZ SO! aQ. 

oms^ issii sz *s«jlai A-ss r^g£i§ 

UO Lu 0.23nsei Z- : I S^ZZi I J *i- - =Z ; ~_ i i - »« ZOi.^Z 33 

Z Z ZZf 5:S£Z ^ZZZ 1 i'S ZZZ§Z ZSiZS £ZZ fe.Z!ES §!- 

- zz z J Qi ~z n -< _ -T 1 '- ZSZ - 

3i ^ ' i r ^ _ - ~ 

£* IL~Z r _ "U, ^1 }|0J £f4 

: - : 1 r i : : - 

Of! zs;Z2z *!r " z^? * _ v z_ ©zzz _z _zz~ * i - 

m 3ZZ _d'_;tj ;Z'Z 5:2!- OjUZ §Z Z j^;^---- - > _z z; w 
Z\ :: _ - ~ ; > 

zm, z z« -z- t ~ z z^gf § ^ -, ?zp s?a z? tm $ > s m% y^rn z 

= - ^ e * i - L * < " 

SO 2 * m J( t^Z" Z Z2(Zi ZSSrZ - | 0J gl^zfS; Z = ~~z ! - 

S §|f ZSi^Ai &?:?iZ Qii-i S St?ZZZ Uliif Si34S1sZSA; OZZD.ZshZ gf?- Z!SZ 
- _ " - Z >' r - I 

S l-gg Bm£. C ; fi.{5-D.0aS, SI : £.9^3.302. Dtj : 0.15-0,381, 5 i 0.00ST Dl&f , ?m$ At : 

1 - - 1 ? \ : i 

Z 1 r gZZfSt till ^ pn ; ZZ ZAiig ° 1 - !Z ZZ^ZZ S S5Z-3?0'cZ ~ 
Z \ ~ ~_ ~ jl.. i ^ f= - ~ i 

J - - u _z *• - ' i ' Z - Z , l - ~ 

_ — 1 z_ - * : ^ 

; ':• " ZZS ZS# ^ - \ _i : 0ZZ0.Z1 Z-«Se 1 Z^Z ^-ZZrZdiM miiW 

- z - - 

' - .. 4 -^S 

f - - . -Z Z" .. r • t S - 

a ^~ ^ ^ - u z 

str Tig na«« gfifs sTie-sfliAi s§§ ssians tmrn mm <»i tf^s? aj^spi 

£ S 1^1 v Z5^Z Mm7t&t* M±m ZSOSS Z 5 3 tr^S SO! S SfgOf S^S 

._: " ^ r ' - 

o! nm $«9 gp-, 

i3fer W S1A?~ AH*w 7*g r 0 ' ~ Si y|6 i feS ^?;5i ^ 

ftesoj es^ishi as» ^sg sss 4 a» s^e ass sjhst * a?ss?i 

sia« A»e ssaa sssi ia« 7igei sit^s usa 

oi gser «4ss ass gt 4 a; 5 ! so, 

- " umu - - - - zsL^n ap 80 i c 

" ' "Emti 2f iOfl 



15 G.S H • Z* e ^ ' ' §S Nn. Co, MIS0I M~ ' " 



mm 



£ " i- -i Z"SZ0; r - r -7 #7 - 

£T*SS A! = - . i ' * , ' - 'r^is 2- *S 

s : mm gSSDi f-i.^ . - ^ ^ is ' 1 >- 3 -r-" r--- , 

§xi smz, 

fif. a.oo?X G:2!-£: g-Z g?Ql 45ZZi ZQ7 <Z§0|: SUster m% 1SK3I 



Cu- iZelUGZ ..Z 21 3 ZZ7&CH; 77;Z!Z iZ! ZSII 77ZZSZ: s^DSD. 

" " ~ = ^ s ~~ Z r_ GiZZZ 77 ^ " H - T i 1ZHZ 7Z " ZfiZi 
, ^ - Zf " '--7 I-- ^»-Cl i?J I'ZZSZ 1^ 3 '5 

Nil erg &j - ~ a pi & %mn zm? siei ^ si 

_ . -7 - ' l --7 ^ = r - 

H ^Z «7L ~Z 2< " - - - ZL ~* — 

ir 4 so. 

I 2i Z c - ? =fi_ 1 S 7J £ " U 

§§ZI Z* 7 " ^ ^ Z ZZZ ZZ 4<iZ - ' -I 7F§eZZ 

ZZZ --i - Zr5- §7! Z§Z; i 7 " ' 7- 4 £7H! 

so, - ~z zztz-zzzz ^ m" i i oziz zs;j §■--.- sezz - z 
ass i22i S2rs«»s *ra w$msm& zzrm m z^.^m mm sasrsss* 

- ' . :3g£ - 7tr 141 4£?f 
' f~ ~ ' i : : . 

— - - Z- ~ 4 • . ' 

= - ^ - i z = z - . 1 z oi^z - --7,7-z z;sz o,;r«i zz 
i> softie Ai^giEe s^eiz £4=z .^7 -.77 si z sisns, oziss urns g4lSie Z:r aS-I 
1 - - . ' -i ; Z" g^l 

W ^ zlSCK ^ SG&'SSO-COf^ 30Z-5S7T iZl t^t* *4ZZ?-i %3im 

m a^Si Z-_ 7 £i rS2f2i B^Zi^ aSi(8iass)I - H^l -7? 43^a?4 

i 7^ j oiOiAj oi m um s ^ _n " . z „ t : ^ i 

g ^gtH' <v - 7 - sAiOtl-f k'Si* ~ 2*01 HFa^'SO. 

^ - - ; . ■ Z7 - ;Z=-r" r = ZZ 7Z i li "'7 - 12 ZZ ^ 

.. ^ _ - , - ~zz * 

JS£S1 Hi! v^:"7 7 I 751 5fe Z" 1 , 7Z| tf^ei %2®m 

£7i m S^4S - c m 31 sSfSfe ez ^z- I 

mmm m% am® - a m - - 1 ss- 3-- z - - zz-y - 

§m £Pi BSSOIQ. 



m 



Z j _ , - - - - , z - , - u - « - - - - # 



U " " ! 0 ^± z"" " - ^I^S" - ~ " t 

~|2 ~ x ---I n.a^ 515*; * d _ 5Q"C^ ^ ^ , = 86iJ-cDi 3£ 

_-u t ^ - _ 

- i srci i wh^** s^g AF--'„r do z-^p-x^f 

osso sk* smoig Ai^aoii CH«o? ??«• xiia a^g-^ wis est zmw. t\?\ :s j oii u-ei 
mm- 

CT'l* ' ' oircl g§ 202 g' - - -• ■ ■ -Sl 8BSGfacro> 

a. 





mm 


I 










s 


IS 


m 




Ml 


$ 


81 


W 


m 




15 


m 


LB 


IM 




% 


m 


U? 


m 




■3 


m 


I4M 


m 



«W5 ~~ ~ ]-g«xi ^ STS S,l . £8$ 8530! M &'CHU ;.05Ms 



g# tm, mm mb •sersiasg b^jss «7i s 22s- scs D.s&ia, o.^, o.ss®, 0.22^, 
l t. - ~ ~ as 



6-4 



AM i 


m 


its 




US 


mi 


ej? 


$ 


ii? 


110 


f <f 4 § 


t& . 




lis 


m 






p 


lir 


w 




IS 






m 



ISStPi SDU aP!^ SAgO; S§ S r S£I . - f : 4 L 



w SS? . C ; D.04X, Si : 3.231, M 
0 C H r . "i '* i 3.04 » i 

~U i-' I ' >_? ;i ''Obss SI I 
I' 1 Lr _c - - J ■ 1 iU 

s , Wis 2» ies: 



t > ft 3^ Pes iKg SBa® , 



_' — _ IK Oil E. ! 'j 1 3it f 3 " = r ^ eSts _„ . ' " J" 1 -^: 

ife Mil AfgS^Q}, I20D-C £^7^.1 Ai-fSf-SQ. OIKJ §S§ SOtHM* 

0.50, a. 75. s.9001 gs« gsmsa. 

OI2H8DI m %90® AfsiM £t*K« 2» «i§ mot *«* ±mu m?i & m im 
mm, 

[S3] 



k 5 mumm 



mi 



us 



SSI 



UP 
188 

«? 
its 



IIS 

It? 
]J? 

14? 



^! S. 32.m% If * 2~ fcHS^STOL SS 3Si§S E&?Hd-2i Hit, IW^aXVJW^ISX)?!- 0,25- 
0,^2! S E^X1(?}-1^SI{3)£I gs gpg - : £H g$8ii£ ' ISO! t SrGiU- l.OW/Ks 



« - ' ..... ■ 

LlOiXi Fs2f ~_ -"2, SPHZZ Z~ G;S0iS- : "L" 1 - i" "In AI77£ 
ok3, I;^ ^Z, ^ tfZ Z ~ - 9?? , £7! ZAIS ®v5£r^§ - ^STS Z " > _ § 
EOiiAl „ . - ~ . -*.5 ^ I - L ± K - \ 

T"" rZZ-Z- j. « 1 It- C i- - ]Z ^ > _ ~ " ; = ^ „ZZIZ S,, c-L J. = 
-L- S-g iiZi^ Z~ ^ Z - Zir = - - 

: 3 _ ' Z£§ . 't. : 0^5 -0.75s c - -~ W±tm ^±?^:W.M , -^Z 

;D~20Xs ?f ^^2|7i£? 3HZ Sf£-'?i)Ze S i;: x^ 9'M % 5-5CAi?i PgSrZ. 25'c/hr?:i S^-AE 
a IfiSO'cSi-Ai ££*-r £ : OiD: p.-Z?, f £ ii7;dS ZZ^Z^ZM 2:-X/hr^ ; - £ Z i;ZZ: Z 7.3 
- = v Z-.tZ-Z _ - 'f H^OAiZ SZZII ZZ^ZZ" - - - .[ T » - 

0<X! = i 5i - g^g ZZ;ZZ^ ZZgZS 



